Although the conceptual structure and nature of PESTEL (Political, Economic, Socio-cultural, Technological, Environment and Legal) analysis requires an integrated approach to analysis, the technical framework of PESTEL does not adequately support such an approach. PESTEL analysis, as it stands, mainly provides a general idea about the macro environmental conditions and situation of a company. This study presents a model to address problems encountered in the measurement and evaluation process of PESTEL analysis. The integrated structure of PESTEL factors and sub-factors were modeled by AHP (Analytic Hierarchy Process) and ANP (Analytic Network Process) techniques. Relationships between PESTEL factors were determined by DEMATEL (Decision Making Trial and Evaluation Laboratory). Global weights of the sub-factors were calculated using ANP. The PESTEL analysis model proposed in the study could determine the extent to which the macro environment of a company provides suitable conditions to achieve the aims of the company.
PESTEL analysis has two basic functions for a company. The first is that it allows identification of the environment within which the company operates. The second basic function is that it provides data and information that will enable the company to predict situations and circumstances that it might encounter in future. PESTEL analysis is therefore a precondition analysis, which should be utilized in strategic management (Dinçer, 2004) . Although the present form of PESTEL analysis provides important foundational knowledge in, conceptual terms, for analysis of the macro environment, it has some limitations in terms of measurement and evaluation.
The first problem encountered in the measurement and evaluation dimension of PESTEL analysis is that it does not adopt a quantitative approach to measurement. Since PESTEL factors generally have a qualitative structure, measurement cannot be generally made, or is otherwise qualitatively evaluated. Using such an evaluation, does not allow the factors constituting the external environment of the company to be objectively or rationally analyzed. Thus, the present technical framework of PESTEL analysis should be developed in terms of measurement and evaluation. A second issue is that, although the conceptual dimension of PESTEL analysis prescribes a holistic approach (Dinçer, 2004) , this is not reflected in the measurement and evaluation dimension. The analyzed factors are generally measured and evaluated independently. However, effect degrees in practice, factors within the external environment would not be expected to have equal influence on commercial activities. While some of the factors have significant or critical effects on company operations or success, others might have a limited effect (Dinçer, 2004) . Therefore, the factors and sub-factors in PESTEL analysis may differ in their relative importance. This requires the use of a technique that allows for measurement of the relative importance of factors and sub-factors in evaluating the macro environment of the company. Another issue that should be taken into account in a holistic perspective is the relations and interactions between PESTEL factors. Independent measurement and evaluation of each macro environmental PESTEL factor might not reflect the real situation. For example, it is not possible to consider legal arrangements or economic conditions in isolation from political conditions. As Eren (2002) reported, a political situation might give rise to economic and socio-cultural implications. PESTEL analysis should adopt an approach based on the inter-dependence of the factors.
The above mentioned limitations of the present approach to PETSEL do not allow a detailed and objective analysis of the macro environment. Previous studies on the macro environment by PESTEL analysis (Dare, 2006; Katko, 2006; Shilei & Yong, 2009; Vitkiene, 2009; Mayaka & Prasad, 2012) were generally limited to determining and categorizing the factors. Although the conceptual structure and nature of PESTEL analysis requires an integrated approach, the technical framework of PESTEL does not support this method. PESTEL analysis, as it stands, mainly provides a general idea about the macro environment and situation of a company. This study presents a measurement and evaluation method to address such limitations.
The following sections of the study are arranged as follows: section 2 presents the model proposed to evaluate the macro environment by PESTEL analysis. The proposed method is applied in section 3; the results are discussed and further suggestions are made in section 4.
Model and Methods
This section explains the model proposed to address the limitations identified in the measurement and evaluation dimension of PESTEL analysis. The multi-criteria decision-making techniques used in the model are explained.
Proposed Model for PESTEL Analysis
The steps of the proposed PESTEL model are as follows:
Step 1: Identifying PESTEL factors and sub-factors and the form of hierarchic structure of PESTEL model.
Step 2: Determining and mapping the potential inter-dependences between PESTEL factors by DEMATEL (Decision Making Trial and Evaluation Laboratory).
Step 3: Determining the local weights of independent PESTEL factors.
Step 4: Determining the inner dependence matrix of PESTEL factors based on the DEMATEL digraph.
Step 5: Calculating the interdependent weights by ANP (Analytic Network Process)
Step 6: Determining the PESTEL sub-factors weights by AHP (Analytic Hierarchy Process).
Step 7: Determining the global weights by multiplying the weights in step 5 by those in step 6.
Step 8: Evaluating the PESTEL sub-factors and calculating the macro environment level by multiplying global weights of sub-factors by evaluation values. Depending on the value calculated for the macro environment, the following decisions are made:
 0.80 ≤ macro environment level ≤ 1.00: The macro environment is highly supportive of the company's current aims.  0.60 ≤ macro environment level< 0.80: The macro environment is good for the company's current aims.
 0.40 ≤ macro environment level< 0.60: The macro environment is moderate for the company's aims.
 0.0 ≤ macro environment level< 0.40: The macro environment is not supportive of the company's aims.
Methods
The DEMATEL, AHP, and ANP methods were used in applying the proposed model. Dependences and relations between PESTEL factors were determined by the DEMATEL method. The local and global weights of PESTEL factors and sub-factors were calculated by the AHP and ANP methods.
DEMATEL
The DEMATEL method was originally developed by the Science and Human Affairs Program of the Battelle Memorial Institute of Geneva, between 1972 and 1976 . It was designed to study and resolve complicated and intertwined problems (Tzeng, Chiang, & Li, 2007; Wu, 2008) . This method is one of the structural modeling techniques that can identify the interdependences among the elements of a problem through a casual diagram by representing the basic concept of contextual relationships and the strengths of the influences among the factors Wu & Lee, 2007; Wu, 2008) . The procedure used for the DEMATEL method based on Tzeng et al. (2007) , Liou, Tzeng, and Chang (2007) , Wu and Lee (2007) and Wu (2008) , as follows:
Step 1: Compute the average matrix. Each respondent was asked to evaluate the direct influence between any two factors on an integer scale ranging from 0 to 4, where higher value indicates greater influence. X ij represents the degree to which the respondent thinks factor i affects factor j. For i=j the diagonal elements are set to zero. For each respondent, an nxn non-negative matrix can be stated as
, where, k is the number of respondents with 1kH, and n is the number of factors. Thus, X 1 , X 2 , X 3 ,……X H are the matrices from H respondents. To take into account all opinions from H respondents, the average matrix A=[a ij ] is as follows: (1) Step 2: Calculate the normalized initial direct-relation matrix. Normalize the initial direct matrix D by D=AxS, where,
. Each element in matrix D falls between zero and one.
Step 3: Calculate the total relation matrix T by T=D(I-D) -1 , where I is the identity matrix. Define r and c can be to be nx1 and 1xn vectors representing the sum of rows and sum of columns of matrix T, respectively. Suppose r i be to be the sum of the ith row in matrix T, then r i summarizes both the direct and indirect effects of factor to the on the other factors. If c i denotes the sum of the jth column in matrix T, then c j shows both direct and indirect effects on factor j from the other factors. When j=i the sum (r i +c j ) shows the total effects given and received by factor . Thus (r i +c j ) indicates the degree of importance that factor i plays in the entire system. In contrast, the reciprocal (r i -c j ) depicts the net effect that factor i contributes to the system. Moreover, if (r i -c j ) is positive, factor www.ccsenet.org/ijbm International Journal of Business and Management Vol. 7, No. 24; 2012 is a net cause; if (r i -c j ) is negative, factor i is a net receiver or result (Liou et al., 2007) .
Step 4: Set a threshold value to obtain the digraph. Because matrix T provides information on how one factor affects another, it is necessary for a decision maker to set up a threshold value to filter out some negligible effects. Only the effects greater than the threshold value are chosen and shown in the digraph. The digraph can be acquired by mapping the dataset of (r+c, r-c).
AHP and ANP
AHP was first developed by Saaty (1980) , and used in decision-making processes related to different areas. AHP is regarded as the most convenient method for solving complicated problems, and was therefore used in several studies (Bayazit & Karpak, 2007; Cheng & Li, 2007) . The original assumption of AHP is independence of criteria (Saaty & Takizawa, 1986; Saaty, 1996; Meade & Sarkis, 1998) . However, many decision-making problems cannot always be structured hierarchically; among the elements of a problem, there can be interaction and dependence (Saaty & Takizawa, 1986; Saaty, 1996; Lee & Kim, 2000; Yüksel & Dağdeviren, 2007) . Structuring a problem that includes functional dependence and allows for feedback among clusters is defined as a network system. Saaty (1996) proposed the use of ANP to solve the problem of dependence among alternatives or criteria. The main difference between AHP and ANP is that ANP is capable of handling interrelationships between the decision levels and attributes by obtaining the composite weights through the development of a ''supermatrix". The supermatrix is a partitioned matrix, where each sub matrix is formed of a set of relationships between two elements or clusters in a connection network structure (Shyur, 2006) . In the literature, the process of ANP was defined in different steps (Bayazit & Karpak, 2007; Cheng & Li, 2007) . In this study, the ANP process includes three sub-steps, according to the method proposed by Shyur (2006) :
Step 1: Base on independence among criteria, decision makers evaluate all criteria pairwise. Decision makers respond to questions such as: "which criteria should be emphasized more in a macro environment, and how much more?" Their responses were evaluated according to Saaty's 1-9 scale (Table 1) . Each pair of criteria is judged only once. A reciprocal value will be automatically assigned to the reverse comparison. Once the pairwise comparisons were completed, the local weight vector w1 was computed as the unique solution to
Aw 1 =λ max w 1 (2) where λmax is the largest eigenvalue of the pairwise comparison matrix A. The obtained vector was further normalized by dividing each value by its column total to represent the normalized local weight vector w2. Table 1 . Saaty's 1-9 scale for AHP (Saaty, 1996) Intensity of Importance Definition Explanation Reciprocal of above non-zero numbers if activity i has one of the above non-zero numbers assigned to it when compared with activity j, then j has the reciprocal value when compared with i
Step 2: The effects of the interdependence that exists between the evaluation criteria were resolved. The impacts of all criteria on each other are also analyzed using pairwise comparisons. Questions such as: "which criterion will influence criterion 1 more: criterion 2 or criterion 3; and by how much more?" were answered. Different pairwise comparison matrices were formed for each of the criteria. These pairwise comparison matrices were needed to identify the relative impacts of the interdependent relationships among the criteria. The normalized
International Journal of Business and Management Vol. 7, No. 24; 2012 principal eigenvectors for these matrices were calculated and shown as column components in interdependence weight matrix of criteria B, where zeros were assigned to the eigenvector weights of the criteria, from which a given criterion is given.
Step 3: The interdependence weights of the criteria were calculated by synthesizing the results from the previous two steps, as follows:
Application of the Proposed PESTEL Analysis Model
The proposed PESTEL model was evaluated via a case study of a company based in Ankara, Turkey. First, an expert team was organized, consisting of two managers of the company and the researcher. The response data used in the study reflected the views of expert team. The application of the proposed model was performed according to the steps in section 2.1.
Step 1: Identifying PESTEL factors and sub-factors to form a hierarchical structure of PESTEL model.
In this step, the relevant PESTEL factors and sub-factors were decided. PESTEL factors are derived from the themes: political, economic, socio-cultural, technological, environmental, and legal factors. However, because these factors do not enable detailed analysis of the macro environment of the company, the expert team identified detailed sub-factors that were relevant to the targets and aims of the company. Sub-factors were categorized according to the literature (Dinçer, 2004; Ülgen & Mirze, 2007; Lynch, 2009) Step 2: The potential dependences among PESTEL factors were identified and mapped via DEMATEL. Thus, the initial direct-relation matrix (A) was formed according to the views of the expert team. 
The initial direct-relation matrix was then normalized, as shown in D. 
Matrix T was then calculated as follows: 
Direct and indirect effects between PESTEL factors are shown in Table 2 ; the threshold value is 0.502. The results of the DEMATEL analysis are shown in Figure 2 . When the digraph of relations among PESTEL factors was analyzed, it was found that the political factor is affected by the socio-cultural, legal, and economic factors. In addition, the political factor has inner dependency. The economic factor has inner dependency, and is affected by the political, socio-cultural, technological, and legal factors. The socio-cultural factor is affected by the economic and politic factors. The technological factor was found to be independent of the other PESTEL factors. The environmental factor is affected by the socio-cultural, political, economic, and legal factors. All of the other PESTEL factors affected the legal factors. As can be seen from Figure 2 , the analysis suggests that the PESTEL factors are not independent of each other.
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International Journal of Business and Management Vol. 7, No. 24; 2012 59 Step 3: Determining the local weights of the independent PESTEL factors.
In this step, the local weights of PESTEL factors were calculated. A pairwise comparison matrix was then formed by the expert team by using Saaty's scale (Table 1 ).The local weights of PESTEL factors based on the non-relations are given in Table 3 . The consistency ratio (CR) of pairwise comparison matrix was calculated, and is shown in the last row of Table 3 . International Journal of Business and Management Vol. 7, No. 24; 2012 60 Step 4: Determining the inner dependence matrix of PESTEL factors based on the digraph derived using DEMATEL.
Determining of the inner dependence matrix pairwise comparison matrices took account of Figure 2 . Inner dependence matrices are given in Tables 4-8 ; consistency ratios are indicated in the last row of each table. Business and Management Vol. 7, No. 24; 2012 The inner dependence matrix of the PESTEL factors (ID) was formed according to the weights of the inner dependence of the factors, as follows: 
Step 5: Calculating the interdependent weights.
Interdependent weights of the PESTEL factors were calculated by multiplying the local weights found in the third step by the inner dependence matrix (ID) determined in the fourth step. The interdependent local weights of the PESTEL factors were calculated as follows: 
Step 6: Determining the PESTEL sub-factors weights by AHP.
This step consists of the formation of pairwise comparison matrixes of PESTEL sub-factors, evaluation of each matrix (scale range 1-9) according to the views of the expert team, calculation of local weights, and determination of the consistency ratio. Business and Management Vol. 7, No. 24; 2012 Step 7: Global weights were computed by multiplying the interdependent weights of the factors (obtained in step 5) by the local weight factors (step 6). The results are shown in the last column of Table 15. www.ccsenet.org/ijbm
International Journal of Business and Management Vol. 7, No. 24; 2012 Step 8: The current situation of each sub-factor was determined according to the views of the expert team. The analysis used the scale in Table 16 , adapted from Dağdeviren (2006: 2010) . The results are shown in the third column of Certainly unacceptable (CU) 0.00
As may be seen evaluations and calculations performed in this step were given in Table 17 . In Table 17 last column that indicates the level of each PESTEL sub-factors that were calculated by multiplying global weights and scale values of evaluations. In the last line of Table 17 , the total level of sub-factors that indicates the level of the macro environment of the company was given according to sub-factors. In this study, the total macro environment of the company is represented by the sum of the current levels of each sub-factor, calculated as 0.5993. Following the decisions made during step 8, the results indicate that the level of the macro environment is moderately favorable to the company's aims in the current situation. 
Conclusion and Future Research
This study proposed a method to develop the measurement and evaluation dimension of PESTEL analysis. PESTEL analysis is used to determine to what extent macro environmental conditions are appropriate to realize the goals and targets of company. The model proposed in the present study demonstrated that PESTEL factors and sub-factors can be modeled by AHP method in an analytical and systematic manner. The proposed model made it possible to determine the positions and relative importance of all of the factors and sub-factors used in the PESTEL analysis. This allowed the integrated evaluation of PESTEL factors via the AHP model. In addition, it was found that PESTEL factors and sub-factors can be measured more rationally and objectively with the AHP model. The study also found that the DEMATEL method can be used to determine potential relationships between PESTEL factors; and that the resulting matrices can be solved by the ANP method. A general analysis of the results showed the extent to which the macro environment of a company could be determined by the proposed PESTEL analysis model.
The validity of the proposed model was analyzed in terms of method, content, and success. The case study revealed that the method had an acceptable level of validity. Analysis of the content and results showed that, based on the statements of decision makers of the company, the model provided significant and considerable information. However, further, more detailed studies should be conducted in order to obtain a more generalizable evaluation.
In the present study, it was assumed that there can be a relationship between main PESTEL factors. However, this relationship can also be present between PESTEL sub-factors. Sophisticated studies can be carried out on the relationships between sub-factors. In the present study, crisp numbers were used to form matrixes. However, it is not always possible to precisely quantify factors and variables. PESTEL factors have ambiguity and vagueness in their structure. Thus, PESTEL analysis may be further developed in future studies by using fuzzy numbers to measure these types of factors.
